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SUBSTITUTE SPECIFICATION 
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DESCRIPTION 

VEHICLE SLIP CONTROL SYSTEM AND METHOD 



FIELD OF THE INVENTION 

5 The present invention relates to a technique applied to 

a vehicle and to a control method of a vehicle. 

BACKGROUND OF THE INVENTION 

A proposed vehicle detects the occurrence of a slip due 
10 to spin of drive wheels when a rate of change in angular velocity 
(angular acceleration) of the drive wheels is not less than 
a preset level, and restricts a torque output from a motor to 
a drive shaft (see, for example, Japanese Patent Laid-Open 
Gazette No. 10-304514) . 

15 

SUMMARY OF THE INVENTION 

In response to a decrease in angular acceleration by the 
torque restriction, the prior art vehicle detects convergence 
of a slip and cancels the restriction of the torque output to 

20 the drive shaft. Such cancellation of the torque restriction 
may, however, cause unstable power supply to the motor. The 
vehicle is typically equipped with a booster circuit that boosts 
up the voltage of a secondary battery and outputs a supply of 
electric power having the increased voltage to the motor. In 

25 the event of the occurrence of a slip that converges in a short 
time period, for example, at the time of running over a step, 



there is only a short time interval between the restriction 
of the torque output to the drive shaft and the cancellation 
of the torque restriction in response to the convergence of 
the slip. In the case of such an abrupt cancellation of the 
torque restriction, a delayed voltage increase by the booster 
circuit fails to output a supply of electric power having a 
sufficiently increased voltage to the motor. This may cause 
the flow of excessive current through a power system including 
the motor. 

In order to eliminate such drawbacks of the prior art. 
technique, the vehicle and the vehicle control method of the 
invention aim to stabilize power supply to a motor in the state 
of the occurrence of a slip. The vehicle and the vehicle control 
method of the invention also aim to prevent the flow of excessive 
current through a power system connecting with the motor in- 
the state of the occurrence of a slip. 

In order to attain at least part of the above and the 
other related objects, the invention is directed to a vehicle 
and a control method of the vehicle as discussed below. 

A vehicle of the invention is driven with output of power 
to a drive shaft linked with drive wheels, and includes: a 
voltage converter that converts a voltage of an accumulator 
into a desired form of voltage; a motor that receives a supply 
of electric power having the voltage converted by the voltage 
converter and outputs power to the drive shaft; a slip detection 
module that detects a slip due to spin of the drive wheels; 



and a controller that, in response to detection of a slip by 
the slip detection module, drives and controls the motor to 
restrict a torque output to the drive shaft with a view to 
converging the detected slip, and sets an initial torque for 
starting cancellation of the restriction of the torque output 
to the drive shaft, based on the restriction of the torque output, 
the controller driving and controlling the motor, in response 
to convergence of the detected slip, to apply the setting of 
the initial torque and thereby cancel the restriction of the 
torque output to the drive shaft. 

In response to detection of a slip due to spin of the 
drive wheels, the vehicle of the invention drives and controls 
the motor to restrict the torque output to the drive shaft with 
a view to converging the detected slip. The vehicle of the 
invention sets the initial torque for starting cancellation 
of the restriction of the torque output, based on the 
restriction of the torque output. In response to convergence 
of the detected slip, the vehicle of the invention drives and 
controls the motor to apply the setting of the initial torque 
and thereby cancel the restriction of the torque output to the 
drive shaft. The initial torque for starting the torque 
restriction in response to convergence of a slip is set, based 
on the restriction of the torque output to the drive shaft at 
the time of detection of the slip. The control procedure of 
the invention desirably stabilizes the voltage-converting 
operation of the voltage converter in the process of canceling 



the torque restriction, regardless of the degree of the torque 
restriction. The stable voltage conversion ensures stable 
power supply to the motor in the state of the occurrence of 
a slip. 

As one aspect in the vehicle of the invention, the 
controller may set a resulting torque, which cancels the 
restriction of the torque output to the drive shaft by a 
predetermined level, to the initial torque. 

As another aspect in the vehicle of the invention, the 
controller may drive and control the motor to restrain a degree 
of the cancellation of the torque restriction for a preset time 
period, after cancellation of the restriction of the torque 
output to the drive shaft to a level of the initial torque. 
This arrangement effectively ensures stable power supply to 
the motor. Further, the controller may drive and control the 
motor to cancel the restriction of the torque output to the 
drive shaft by a slope of a first time change until elapse of 
the preset time period and to cancel the torque restriction 
by a slope of a second time change, which is greater than the 
slope of the first time change, after elapse of the preset time 
period. This enables the stable power supply to the motor to 
be compatible on some level with prompt cancellation of the 
restriction of the torque output to the drive shaft in response 
to convergence of a slip. In these cases, the preset time period 
may represent a time required to stabilize the 
voltage-converting operation of the voltage converter. 



The vehicle of the invention may further includes an 
angular acceleration measurement module that measures an 
angular acceleration of the drive shaft, and the controller 
may drive and control the motor to restrict the torque output 
to the drive shaft with a torque restriction value, which is 
set corresponding to a peak value of the measured angular 
acceleration in response to detection of a slip by the slip 
detection module, and sets the initial torque based on the 
torque restriction value. 

Further, in the vehicle of the invention, the controller 
may carry out control to apply the setting of the initial torque 
and thereby cancel the restriction of the torque output to the 
drive shaft, when the slip detected by the slip detection module 
converges in a short time period. Moreover, the vehicle may 
include a varying road surface condition estimation module that 
estimates a variation in road surface condition, and the 
controller may carry out control to apply the setting of the 
initial torque and thereby cancel the restriction of the torque 
output to the drive shaft, in response to estimation of a 
variation in road surface condition. In these cases, the 
vehicle may further include an angular acceleration 
measurement module that measures an angular acceleration of 
the drive shaft, and the controller may set a second initial 
torque, which has a greater degree of cancellation of the torque 
restriction against a smaller value of time integral of the 
measured angular acceleration of the drive shaft in response 
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to detection of a slip by the slip detection module, in the 
case of no convergence of the slip in the short time period 
or in the case of estimation of no variation in road surface 
condition, while driving and controlling the motor , in response 
5 to convergence of the detected slip, to apply the setting of 
the second initial torque and thereby cancel the restriction 
of the torque output to the drive shaft. This arrangement 
enables the torque restriction to be promptly cancelled out 
in a specific range that prevents the reoccurrence of a slip, 
10 in the case of no convergence of a slip in a short time period 
or in the case of estimation of no variation in road surface 
condition . 

The invention is not restricted to the vehicle having 
any of the arrangements discussed above, but is also actualized 
15 by a control method of such a vehicle. 

Brief Description of the Drawings 

Fig. 1 schematically illustrates the configuration of 
20 a vehicle 20 in one embodiment of the invention; 

Fig. 2 is a flowchart showing a drive control routine 
executed by a main electronic control unit 70 in the vehicle 
20 of the embodiment; 

Fig. 3 is a map showing variations in motor torque Tm* 
25 against the accelerator opening Acc and the vehicle speed V; 

Fig. 4 is a flowchart showing a slip state detection 



routine executed by the electronic control unit 70 in the 
vehicle 20 of the embodiment; 

Fig. 5 is a flowchart showing a slip occurrence time 
processing routine executed by the electronic control unit 70 
in the vehicle 20 of the embodiment; 

Fig. 6 is a map showing variations in a torque upper limit 
Tmax against an angular acceleration a; 

Fig. 7 is a flowchart showing a varying road surface 
condition estimation routine executed by the electronic 
control unit 70 in the vehicle 20 of the embodiment; 

Fig. 8 is a flowchart showing a slip convergence time 
processing routine executed by the electronic control unit 70 
in the vehicle 20 of the embodiment; 

Fig. 9 is a flowchart showing an ordinary-state torque 
restriction cancellation routine executed by the electronic 
control unit 70 in the vehicle 20 of the embodiment; 

Fig. 10 is a flowchart showing a torque restriction value 
setting routine executed by the electronic control unit 70 in 
the vehicle 20 of the embodiment; 

Fig. 11 is a flowchart showing a road surface condition 
varying-state torque restriction cancellation routine 
executed by the electronic control unit 70 in the vehicle 20 
of the embodiment; 

Fig. 12 shows time variations of the angular acceleration 
a and the motor torque Tm*, in response to a variation in road 
surface condition during a slip; 
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Fig. 13 schematically illustrates the configuration of 
a vehicle 120 in one modified example; 

Fig. 14 schematically illustrates the configuration of 
a vehicle 220 in another modified example; and 

Fig. 15 schematically illustrates the configuration of 
a vehicle 320 in still another modified example. 

DETAILED DESCRIPTION 

One mode of carrying out the invention is discussed below 
as a preferred embodiment. Fig. 1 schematically illustrates 
the configuration of a vehicle 20 in one embodiment of the 
invention. As illustrated, the vehicle 20 of the embodiment 
includes a motor 22 that receives a supply of electric power 
from a battery 2 6 via a DC /DC converter circuit 25 and an inverter 
circuit 24 and outputs power to a drive shaft 28, which is 
mechanically linked with drive wheels 62a and 62b via a 
differential gear 29, and a main electronic control unit 70 
that controls the whole vehicle. 

The motor 22 is a synchronous motor generator functioning 
as both a motor and a generator. The inverter circuit 24 has 
multiple switching elements to convert an input of electric 
power from the battery 26 into an adequate form of electric 
power for driving the motor 22 and output the converted electric 
power . 

The DC/DC converter circuit 25 functions to boost up the 
voltage of the battery 26 and to supply the increased voltage 



to the inverter circuit 24. The DC/DC converter 25 is actuated 
and controlled by the main electronic control unit 70 to apply 
a desired level of voltage to (the input terminal of) the 
inverter circuit 24. 

The main electronic control unit 70 is constructed as 
a microprocessor including a CPU 72, a ROM 74 that stores 
processing programs, a RAM 76 that temporarily stores data, 
non-illustrated input and output ports, and a non-illustrated 
communication port. The main electronic control unit 70 
receives, via its input port, various input signals including 
a rotational position 0m from a rotational position detection 
sensor 32 (for example, a resolver) that detects the rotational 
position of the drive shaft 28 (the rotating shaft of the motor 
22), a gearshift position SP from a gearshift position sensor 
82 that detects the current position of a gearshift lever 81, 
an accelerator opening Acc from an accelerator pedal position 
sensor 84 that measures a step-on amount of an accelerator pedal 
83, a brake pedal position BP from a brake pedal position sensor 
86 that measures a step-on amount of a brake pedal 85, and a 
vehicle speed V from a vehicle speed sensor 88. The main 
electronic control unit 70 outputs switching control signals 
to the switching elements included in the inverter circuit 24 
and to the switching elements included in the DC/DC converter 
circuit 25 via its output port. 

The following describes the operations of the vehicle 
20 of the embodiment constructed as discussed above, especially 
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a series of operations to drive and control the motor 22 in 
response to detection of the occurrence of a slip due to spin 
of the drive wheels 62a and 62b. Fig. 2 is a flowchart showing 
a drive control routine executed by the main electronic control 
unit 70 in the vehicle 20 of the embodiment. This routine is 
carried out repeatedly at preset time intervals (for example, 
8 msec) . 

When the drive control routine starts, the CPU 72 of the 
main electronic control unit 70 first inputs various data 
required for control, that is, the accelerator opening Acc from 
the accelerator pedal position sensor 84, the vehicle speed 

V from the vehicle speed sensor 88, and a revolution speed Nm 
of the drive shaft 28 computed from the rotational position 
0m detected by the rotational position detection sensor 32 (step 
S100) . The routine then sets a motor torque Tm* , which is to 
be output from the motor 22 to the drive shaft 28, based on 
the inputs of the accelerator opening Acc and the vehicle speed 

V (step S102) . In the structure of this embodiment, variations 
in motor torque Tm* against the accelerator opening Acc and 
the vehicle speed V are specified in advance and are stored 
as a map in the ROM 74. The procedure of the embodiment reads 
and sets the motor torque Tm* corresponding to the given 
accelerator opening Acc and the given vehicle speed V from the 
stored map. Fig. 3 shows one example of this map. 

The routine subsequently calculates an angular 
acceleration a of the drive shaft 28 from the inputs of the 
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revolution speed Nm (step S104) , and carries out a slip state 
detection process to detect the state of a slip of the drive 
wheels 62a and 62b, based on the calculated angular acceleration 
a (step S106) . In this embodiment, the angular acceleration 
a is computed by subtracting a previous revolution speed Nm 
input in the previous cycle of this routine from a current 
revolution speed Nm input in the current cycle of this routine 
(current revolution speed Nm - previous revolution speed Nm) . 
The unit of the angular acceleration a in this embodiment is 
[rpm / 8 msec] , as the revolution speed Nm is expressed by the 
revolutions per minute [rpm] and the time interval of execution 
of this routine is 8 msec . Any other suitable unit may be adopted 
to express the angular acceleration as a time variation in 
angular velocity. With a view to reducing a potential error, 
the angular acceleration a may be the average of current and 
past data of the angular acceleration calculated in the current 
and several past cycles (for example, three past cycles) of 
this routine. The details of the slip state detection process 
are described below . 

Fig. 4 is a flowchart showing a slip state detection 
routine executed by the main electronic control unit 70 in the 
vehicle 20 of the embodiment. When the slip state detection 
routine starts, the CPU 72 of the main electronic control unit 
70 first determines whether the angular acceleration a 
calculated at step S104 in the drive control routine of Fig. 
2 exceeds a threshold value otslip, which is used to assume the 
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occurrence of a slip due to the wheelspin (step S120) . When 
it is determined that the calculated angular acceleration a 
exceeds the threshold value aslip, the routine detects the 
occurrence of a slip due to the spin of the drive wheels 62a 
and 62b and sets the value 1 1' to a slip occurrence flag Fl 
representing the occurrence of a slip (step S122) . The slip 
state detection routine is then terminated. 

When it is determined, that .the calculated angular 
acceleration a does not exceed the threshold value ocslip, on 
the other hand, the routine checks the value of the slip 
occurrence flag Fl (step S124). When it is determined that 
the slip occurrence flag Fl is not equal to 1, the slip state 
detection routine detects no occurrence of a slip but detects 
a grip state of the drive wheels 62a and 62b, before being 
terminated. When it is determined that the slip occurrence 
flag Fl is equal to 1, on the other hand, the routine successively 
determines whether the angular acceleration a takes a negative 
value and whether the negative setting of the angular 
acceleration a continues for or over a preset time period (steps 
S126 and S128). When it is determined that the angular 
acceleration a takes a negative value and that the negative 
setting of the angular acceleration a continues for or over 
the preset time period, the routine detects convergence of the 
slip occurring on the drive wheels 62a and 62b and sets the 
value f l f to a slip convergence flag F2 representing the 
convergence of a slip (step S130) . The slip state detection 
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routine is then terminated. When it is determined that the 
angular acceleration a does not take a negative value or that 
the negative setting of the angular acceleration a does not 
continue for or over the preset time period, the slip state 
5 detection routine detects no convergence of the slip, before 
being terminated. 

Referring back to the flowchart of Fig. 2, the drive 
control routine executes a series of processing according to 
the result of the slip state detection process (steps S108 to 

10 S114). In response to detection of no slip (the grip state) 
where both the slip occurrence flag Fl and the slip convergence 
flag F2 are equal to 0, the drive control routine drives and 
control the motor 22 with the motor torque Tm* set at step S102 
(step S114) and is terminated. In response to detection of 

15 the occurrence of a slip where the slip occurrence flag Fl is ■ 
equal to 1 and the slip convergence flag F2 is equal to 0, the 
drive control routine executes a series of slip occurrence time 
processing (step S110). In response to detection of the 
convergence of a slip where both the slip occurrence flag Fl 

20 and the slip convergence flag F2 are equal to 1 , the drive control 
routine executes a series of slip convergence time processing 
(step S112) . The routine then drives and control the motor 
22 with the setting of the motor torque Tm* restricted by each 
series of processing (step S114) and is terminated. The 

25 concrete procedure of driving and controlling the motor 22 
outputs the switching control signals to the switching elements 
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of the inverter circuit 24 and to the switching elements of 
the DC/DC converter circuit 25, in order to output a torque 
equivalent to the final setting of the motor torque Tm* to the 
drive shaft 28. The series of slip occurrence time processing 
and the series of slip convergence time processing are described 
sequentially below . 

The series of slip occurrence time processing restricts 
the motor torque Tm* demanded for the drive shaft 28 for the 
purpose of eliminating a slip and is executed according to a 
slip occurrence time processing routine shown in the flowchart 
of Fig. 5. When the slip occurrence time processing routine 
starts, the CPU 72 of the main electronic control unit 70 first 
compares the current value of the angular acceleration a 
calculated at step S104 in the drive control routine of Fig. 
2 with a peak value apeak (step S140) . When the calculated 
current value of the angular acceleration a exceeds the peak 
value apeak, the routine updates the peak value apeak to the 
calculated current value of the angular acceleration a (step 
S142) . The peak value apeak basically represents a peak of 
the angular acceleration a, which rises in response to the 
occurrence of a slip, and is set equal to 0 as an initial value. 
Until the angular acceleration a rises and reaches its peak, 
the peak value apeak is successively updated to the latest value 
of the angular acceleration a. When the angular acceleration 
a reaches its peak, the peak value apeak is fixed to the value 
of the angular acceleration a at the moment. The routine 
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subsequently sets a torque upper limit Tmax, which represents 
an allowable upper limit of torque output from the motor 22 
to eliminate the slip, based on the setting of the peak value 
apeak (step S144). The procedure of the embodiment uses a 
5 torque upper limit setting map of Fig. 6 showing a variation 
in torque upper limit Tmax against the angular acceleration 
a. In the map of this illustrated example, the torque upper 
limit Tmax decreases with an increase in angular acceleration 
a. A smaller value is set to the torque upper limit Tmax, as 

10 the angular acceleration a rises to increase the peak value 
apeak and enhance the degree of a slip. Such setting restricts 
the output torque from the motor 22. After setting the torque 
upper limit Tmax, the routine restricts the setting of the motor 
torque Tm* with the torque upper limit Tmax (steps S146 and 

15 S148), before being terminated. This series of processing 
restricts the output torque from the motor 22 in the event of 
the occurrence of a slip to a low torque level for eliminating 
the slip (that is, the torque upper limit Tmax corresponding 
to the peak value apeak of the angular acceleration in the map 

20 of Fig. 6) . This arrangement effectively eliminates the slip. 

The series of slip convergence time processing is carried 
out, based on the result of a varying road surface condition 
estimation process shown in the flowchart of Fig. 7 to estimate 
a variation in road surface condition in the event of the 

25 occurrence of a slip. The description first regards the varying 
road surface condition estimation process and then the series 
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of slip convergence time processing. The varying road surface 
condition estimation routine of Fig . 7 is carried out repeatedly 
at preset time intervals (for example, at every 8 msec) . When 
the varying road surface condition estimation routine starts, 
the CPU 72 of the main electronic control unit 70 first receives 
the revolution speed Nm of the drive shaft 28 computed from 
the rotational position 9m detected by the rotational position 
detection sensor 32 (step S150) and calculates the angular 
acceleration a of the drive shaft 28 from the inputs of the 
revolution speed Nm (step S152). 

The routine then checks the value of a varying road surface 
condition detection flag FC (step S154). The varying road 
surface condition detection flag FC is set equal to f l ! , which 
represents fulfillment of a condition for detecting a variation 
in road surface condition (step S158), when it is determined 
at step S156 that the angular acceleration a exceeds the 
threshold value aslip, that is, in the event of the occurrence 
of a slip. In response to the result of determination that 
the varying road surface condition detection flag FC is equal 
to 0, the routine compares the calculated angular acceleration 
a with the threshold value aslip (step S156) . When the 
calculated angular acceleration a is not greater than the 
threshold value aslip, this routine is terminated immediately. 
When the calculated angular acceleration a is greater than the 
threshold value aslip, on the other hand, the routine sets the 
value 1 1 1 to the varying road surface condition detection flag 
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FC (step S158 ) . 

After setting the value 1 l f to the varying road surface 
condition detection flag FC or in response to determination 
at step S154 that the varying road surface condition detection 
flag FC is equal to 1, the routine determines whether the angular 
acceleration a has reached a first peak (step S160) . When the 
angular acceleration a has reached the first peak, the value 
of the angular acceleration a at the time is set to a first 
peak angular acceleration ccl (step S162) . The first peak of 
the angular acceleration a represents a variation in time 
differential of the angular acceleration a from a positive value 
to a negative value after the angular acceleration a has 
exceeded the threshold value aslip. After setting the first 
peak angular acceleration al, the routine determines whether 
the angular acceleration a has reached a second peak ( step SI 64 ) . 
When the angular acceleration a has reached the second peak, 
the product of the value of the angular acceleration a at the 
time and a coefficient ' -1' is set to a second peak angular 
acceleration ot2 (step S166) . The second peak of the angular 
acceleration a represents a negative peak observed immediately 
after the first peak. Multiplication of the angular 

acceleration a by the coefficient to set the second peak 

angular acceleration ot2 makes the sign common to the second 
peak angular acceleration a2 and the first peak angular 
acceleration al . 

After setting the first peak angular acceleration al and 
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the second peak angular acceleration a2, the routine 
successively compares the second peak angular acceleration a2 
with a threshold value aref (step S168) and with the product 
of the first peak angular acceleration al and a constant ' k ! 
(step S170) . The setting of the threshold value aref is greater 
than an ordinary allowable maximum value set to the first peak 
angular acceleration al in the event of the occurrence of a 
slip due to the wheelspin. For example, in the case where the 
allowable maximum value set to the first peak angular 
acceleration al is equal to 100 [rpm / 8 msec] in an experiment 
of causing a slip of the subject vehicle 20 on a low ji road 
surface due to the wheelspin, the threshold value aref may be 
set equal to 120 or 140. The setting of the constant f k ! is 
a value of not less than ! 1 ! , for example, 1.2 or 1.4. 

When the second peak angular acceleration a2 is less than 
the threshold value aref and is not greater than the product 
of the first peak angular acceleration al and the constant 1 k ? , 
the varying road surface condition estimation routine 
estimates no variation in road surface condition and sets the 
value 1 0 1 to both the varying road surface condition detection 
flag FC and a road surface condition variation flag Fchange 
(step S172) , before being terminated. When the second peak 
angular acceleration a2 is not less than the threshold value 
aref or when the second peak angular acceleration a2 is less 
than the threshold value aref but is greater than the product 
of the first peak angular acceleration al and the constant ' k f , 
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the routine estimates a variation in road surface condition, 
that is, a change from a low \jl road surface to a high ja road 
surface, and sets the value f l ! to the road surface condition 
variation flag Fchange (step S174) . In the event of the spin 
of the drive wheels 62a and 62b on the low jj. road surface, the 
first peak appears immediately after the start of the wheelspin 
and the second peak is observed at the time of convergence of 

the wheelspin. In the case of no variation in road surface 

i 

condition, the value of the second peak generally arising at 
the time of convergence of the wheelspin typically remains in 
a fixed range, although depending upon the road surface 
condition (the frictional coefficient) and the performances 
of the vehicle. In the case of a variation in road surface 
condition, that is, in the event of a change from the low \i 
road surface to the high |i road surface, the second peak angular 
acceleration a2 at the time of convergence of the wheelspin 
exceeds the fixed range. When the second peak angular 
acceleration ot2 is not less than the threshold value aref , which 
is set to be greater than the ordinary allowable maximum value 
set to the first peak angular acceleration ctl in the event of 
the occurrence of a slip due to the wheelspin, a variation in 
road surface condition (that is, a change from the low |i road 
surface to the high jut road surface) is estimated. The variation 
in road surface condition is also estimated when the second 
peak angular acceleration ct2 is less than the threshold value 
aref but is greater than the product of the first peak angular 
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acceleration al and the constant ! k ? . Such detection is on 
the basis of the experimental result that the value of the second 
peak generally arising at the time of convergence of the 
wheelspin is usually not greater than the value of the first 
5 peak in the case of no variation in road surface condition. 

A slip convergence time processing routine shown in the 
flowchart of Fig. 8 is executed according to the result of the 
varying road surface condition estimation process of Fig. 7. 
When the slip convergence time processing routine starts, the 

10 CPU 72 of the main electronic control unit 70 first checks the 
value of the road surface condition variation flag Fchange (step 
S200) . When the road surface condition variation flag Fchange 
is not equal 1, that is, in the event of estimation of no 
variation in road surface condition, the routine executes an 

15 ordinary-state torque restriction cancellation process shown 
in the flowchart of Fig. 9 (step S202) . When the road surface 
condition variation flag Fchange is equal to 1 , that is , in 
the event of estimation of a variation in road surface condition, 
on the other hand, the routine executes a road surface condition 

20 varying-state torque restriction cancellation process shown 
in the flowchart of Fig. 11 (step S204) . The slip convergence 
time processing routine is then terminated. The description 
first regards the ordinary-state torque restriction 
cancellation process of Fig. 9 and then the road surface 

25 condition varying-state torque restriction cancellation 
process of Fig. 11. 
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The ordinary-state torque restriction cancellation 
routine first checks the value of a torque restriction 
cancellation flag Fa (step S210) . When the torque restriction 
cancellation flag Fa is equal to 0, the routine determines that 
the current cycle is a first cycle. The routine accordingly 
inputs a torque restriction value 5 (expressed in the same unit 
1 rpm / 8 msec 1 as that of the angular acceleration) (step S212) 
and sets the value 1 l 1 to the torque restriction cancellation 
flag Fa (step S214). Here the torque restriction value 5 is 
a parameter used to raise the torque upper limit Tmax set 
corresponding to the peak value of the angular acceleration 
by the series of slip occurrence time processing and thereby 
to set a degree of cancellation of the torque restriction. The 
torque restriction value 5 is set according to a torque 
restriction value setting routine of Fig. 10. The torque 
restriction value setting routine of Fig. 10 is executed, in 
response to setting of the value 1 1' to the slip occurrence 
flag Fl at step S122 in the slip state detection routine of 
Fig. 4, that is, when the angular acceleration a exceeds the 
threshold value aslip. The torque restriction value setting 
routine inputs the revolution speed Nm computed from the 
rotational position 9m of the drive shaft 28 detected by the 
rotational position detection sensor 32, calculates the 
angular acceleration a from the inputs of the revolution speed 
Nm, and repeats calculation of a time integral aint of the 
angular acceleration a from a time point when the calculated 
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angular acceleration a exceeds the threshold value aslip until 
the angular acceleration a becomes less than the threshold value 
aslip again (steps S230 to S236) . In this embodiment, the time 
integral aint of the angular acceleration is calculated 
according to Equation (1) given below. In Equation (1), 'At 1 
denotes a time interval of repeated execution of steps S230 
through S236 in this routine and is set equal to 8 msec in this 
embodiment . 

aint <— aint + (a - aslip) ■ At (1) 

On conclusion of the calculation of the time integral 
aint when the angular acceleration a becomes less than the 
threshold value aslip again, the routine multiplies the 
calculated time integral aint by a preset coefficient K to set ' 
the torque restriction value 5 corresponding to the time 
integral aint (stepS238) and is then terminated . The procedure 
of this embodiment calculates the torque restriction value 8 
with the preset coefficient K. Another applicable procedure 
prepares a map showing a variation in torque restriction value 
5 against the time integral aint and reads and sets the torque 
restriction value 5 corresponding to the calculated time 
integral aint from the map. 

Referring back to the flowchart of Fig. 9, after the input 
of the torque restriction value 5 set as discussed above or 
in response to determination at step S210 that the torque 
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restriction cancellation flag Fa is not equal to 0 (but is equal 
to 1), the ordinary-state torque restriction cancellation 
routine determines whether an update timing of the torque 
restriction value 5 has come (step S216) . When it is determined 
5 that the update timing has come, the routine subtracts a preset 
value from the torque restriction value 5 to update and newly 
set the torque restriction value 5 (step S218) . This updating 
process raises the setting of the torque upper limit Tmax 
stepwise at every update timing after setting the torque upper 
10 limit Tmax at subsequent step S220 with the torque restriction 
value 5 input at step S212, so as to gradually cancel the torque 
restriction. When it is determined that the update timing has 
not yet come, on the other hand, update of the torque restriction 

value 5 is not implemented. The routine then sets the torque 
15 upper limit Tmax as the allowable upper limit of torque output 
from the motor 22, based on the torque restriction value 5 
according to the map of Fig.. 6 (step S220) . The routine then 
restricts the motor torque Tm* set at step S102 in the drive 
control routine of Fig. 2 with the setting of the torque upper 
20 limit Tmax (steps S222 and S224), and determines whether the 
torque restriction value 5 becomes not greater than 0 (step 
S226) . When the torque restriction value 8 becomes not greater 
than 0, the routine sets the value ! 0 f to the slip occurrence 
flag Fl, the slip convergence flag F2 and the motor torque 
25 restriction cancellation flag Fa (step S228) and is then 

terminated. In this manner, the procedure of this embodiment 
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sets the torque upper limit Tmax based on the torque restriction 
value 5 calculated from the time-integral aint of the angular 
acceleration a and uses this torque upper limit Tmax to set 
the torque (initial torque) for starting cancellation of the 
restriction of the output torque to the drive shaft 28. Such 
torque control cancels the torque restriction by an adequate 
degree corresponding to the state of a slip, in response to 
the convergence of the slip, and thereby effectively prevents 
the re-occurrence of a slip without excess torque restriction. 

The following describes the road surface condition 
varying-state torque restriction cancellation process of Fig. 
11 in response to estimation of a variation in road surface 
condition. The road surface condition varying-state 
restriction cancellation routine of Fig. 11 first checks the 
value of a torque restriction cancellation flag Fb (step S250) . 
When the torque restriction cancellation flag Fb is equal to 
0, the routine determines that the current cycle is a first 
cycle. The routine accordingly sets the value f 1 1 to the torque 
restriction cancellation flag Fb and adds a predetermined value 
(5 to the torque upper limit Tmax corresponding to the peak value 
apeak of the angular acceleration set at step S144 in the slip 
occurrence time processing routine of Fig. 5 to newly set the 
torque upper limit Tmax as the allowable upper limit of torque 
output from the motor 22 to start cancellation of the torque 
restriction (steps S252 and S254). Here the predetermined 
value P is experimentally determined to prevent the flow of 
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excessive current through the motor 22 caused by a decrease 
in input voltage of the inverter circuit 24, which is 
accompanied with a delayed voltage increase by the DC/DC 
converter circuit 25 to start cancellation of the torque 
restriction . The predetermined value p may be set, for example, 
in a range of 30 to 70 Nm (set equal to 50 Nm in this embodiment) . 
After newly setting the torque upper limit Tmax, the routine 
restricts the motor torque Tm* set at step S102 in the drive 
control routine of Fig. 2 with the torque upper limit Tmax and 
thereby sets the initial torque for starting cancellation of 
the torque restriction (steps S256 and S258), before being 
terminated. A variation in road surface condition to increase 
the frictional coefficient on the road surface during a slip 
converges the slip in a relatively short time. The time 
integral aint of the angular acceleration a thus takes a small 
value. This decreases the torque restriction value 8 set 
proportionally to the time integral aint of the angular 
acceleration a and sets a large value to the torque upper limit 
Tmax in the ordinary-state torque restriction cancellation 
process of Fig. 9. A relatively large value is accordingly 
set to the motor torque Tm* to be output from the motor 22. 
There is a possibility that the flow of excessive current is 
supplied to the motor 22 due to a delayed voltage increase by 
the DC/DC converter circuit 25. In the case of a variation 
in road surface condition during a slip, the road surface 
condition varying-state torque restriction cancellation 
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process of Fig. 11 is executed, in place of the ordinary-state 
torque restriction cancellation process of Fig. 9, in order 
to prevent the potential supply of excessive current to the 
motor 22. 

5 When it is determined at step S250 that the torque 

restriction cancellation flag Fb is equal to 1, the routine 
subsequently determines whether a preset first time has elapsed 
since the restriction of the motor torque Tm* with the torque 
upper limit Tmax set at step S254 (that is, since the start 

10 of cancellation of the torque restriction by the slip occurrence 
time processing routine of Fig. 5) (step S260). The routine 
repeatedly adds a predetermined value TLow to the torque upper 
limit Tmax and thereby updates the torque upper limit Tmax (step 
S262), until it is determined that the preset first time has 

15 elapsed. Here a small value is set to the predetermined value '• 
TLow to ensure a gentle time variation in torque upper limit 
Tmax. The preset first time is specified as a waiting time 
to stabilize the voltage-increase operation by the DC/DC 
converter circuit 25 and is, for example, in a range of 400 

20 msec to 600 msec (is equal to 500 msec in this embodiment). 
When it is determined that the preset first time has elapsed, 
that is, it is determined that the waiting time to stabilize 
the voltage-increase operation of the DC/DC converter circuit 
25 has elapsed, the routine repeatedly adds a predetermined 

25 value THi, which is greater than the predetermined value TLow, 
to the torque upper limit Tmax and thereby updates the torque 
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upper limit Tmax to attain prompt cancellation of the torque 
restriction, until it is determined that a preset second time 
has elapsed (steps S264 and S266) . After update of the torque 
upper limit Tmax, the routine restricts the motor torque Tm* 
5 with the update setting of the torque upper limit Tmax (step 
S258) and is then terminated. This arrangement attains prompt 
cancellation of the torque restriction in the state of 
convergence of a slip, while ensuring the stable 
voltage-increase operation of the DC/DC converter circuit 25. 

10 When it is determined at step S264 that the preset second time 
has elapsed, the routine sets the value f 0 f to the slip 
occurrence flag Fl, the slip convergence flag F2 , and the torque 
restriction cancellation flag Fb to completely cancel out the 
torque restriction (step S268), before being terminated. 

15 Fig. 12 shows time variations of the angular acceleration . 

a and the motor torque Tm* , in response to a variation in road 
surface condition during a slip. As illustrated, in response 
to the occurrence of a slip at a time point tl, the torque upper 
limit Tmax corresponding to the peak value apeak of the angular 

20 acceleration is set to restrict the output torque to the drive 
shaft 28. In this torque restriction state, a variation in 
road surface condition, that is, a change from the low y> road 
surface to the high \i road surface, causes the second peak 
angular acceleration a2 to be greater than the first peak 

25 angular acceleration al and, in some cases, to be greater than 
even the threshold value ccref . In response to the convergence 
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of the slip at a time point t2, the torque upper limit Tmax 
set at the time of the occurrence of the slip is raised by the 
predetermined value P to start cancellation of the torque 
restriction. The torque restriction is cancelled by a gentle 
5 slope until elapse of a preset time period (the time point t2 
to a time point t3) . This stabilizes the voltage-increase 
operation of the DC/DC converter circuit 25. At the time point 
t3 when the preset time period has - elapsed and the 
voltage-increase operation of the DC/DC converter circuit 25 
10 has been stabilized, the torque restriction is cancelled out 
promptly. 

As described above, in response to an estimated variation 
in road surface condition during a slip, the vehicle 20 of the 
embodiment updates the torque upper limit Tmax by adding the 

15 predetermined value (3 to the torque upper limit Tmax, which > 
has been set corresponding to the peak value apeak of the angular 
acceleration at the time of the occurrence of a slip, and uses 
this update torque upper limit Tmax to start cancellation of 
the restriction of the output torque to the drive shaft 28. 

20 This arrangement desirably stabilizes the voltage-increase 
operation of the DC/DC converter circuit 25 and the supply of 
electric power to the motor 22, regardless of the torque 
restriction during a slip. The control procedure of the 
embodiment cancels the torque restriction by a gentle slope 

25 (restrains the degree of cancellation) until elapse of a preset 
time period, after cancellation of the torque restriction set 
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in response to the occurrence of a slip by the predetermined 
value p. This ensures the stable voltage-increase operation 
of the DC/DC converter circuit 25. The torque restriction is 
promptly cancelled out after elapse of the preset time period. 

In response to the convergence of a slip, the vehicle 
20 of the embodiment updates the torque upper limit Tmax by 
adding the predetermined value P to the torque upper limit Tmax, 
which has been set corresponding to the peak value apeak of 
the angular acceleration at the time of the occurrence of the 
slip, and uses this update torque upper limit Tmax to start 
cancellation of the restriction of the output torque to the 
drive shaft 28. The vehicle 20 then raises the torque upper 
limit Tmax by two different slopes of time change to completely 
cancel out the torque restriction. One modified procedure may 
raise the torque upper limit Tmax by three or a greater number 
of different slopes of time change to completely cancel out 
the torque restriction. Another modified procedure may update 
the torque upper limit Tmax by a fixed slope of time change. 

In response to an estimated variation in road surface 
condition, the vehicle 20 of the embodiment adds the 
predetermined value P to the torque upper limit Tmax, which 
has been set corresponding to the peak value apeak of the angular 
acceleration at the time of the occurrence of a slip, and thereby 
updates the torque upper limit Tmax used to start cancellation 
of the torque restriction (this means execution of the road 
surface condition varying-state torque restriction 
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cancellation process of Fig. 11). One possible modification 
may specify a preset time period as a time required for 
convergence of a slip and execute a series of processing similar 
to the road surface condition varying-state torque restriction 
cancellation process of Fig. 11 until elapse of the preset time 
period. Another possible modification may execute a series 
of processing similar to the road surface condition 
varying-state torque restriction cancellation process of Fig. 
11, regardless of the variation in road surface condition or 
the elapse of time for convergence of a slip. 

The embodiment discussed above regards the vehicle 20 
equipped with the motor 22 that is mechanically connected to 
directly output power to the drive shaft linked with the drive 
wheels 62a and 62b. The technique of the invention may be 
applied to any vehicle equipped with a motor that is capable 
of outputting power to a drive shaft. For example, the 
technique of the invention is applicable to a series hybrid 
vehicle including an engine, a generator that is linked with 
an output shaft of the engine, and a motor that utilizes a supply 
of electric power from the generator to output power to a drive 
shaft. The technique of the invention is also applicable to 
a mechanical distribution-type hybrid vehicle 120 of Fig. 13 
including an engine 122, a planetary gear unit 126 that is linked 
with the engine 122, a motor 124 that is connected with the 
planetary gear unit 126 and generates electric power, and a 
motor 22 that is connected with the planetary gear unit 126 
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and is mechanically linked with a drive shaft connecting with 
drive wheels 62a and 62b to output power to the drive shaft. 
The technique is further applicable to an electrical 
distribution-type hybrid vehicle 220 of Fig. 14 including an 
engine 222, a motor 224 that has an inner rotor 224a linked 
with an output shaft of the engine 222 and an outer rotor 224b 
attached to a drive shaft connecting with drive wheels 62a and 
62b and relatively rotates through electromagnetic functions 
of the inner rotor 224a to the outer rotor 224b, and a motor 
22 that is mechanically linked with the drive shaft to output 
power to the drive shaft. The technique is also applicable 
to a hybrid vehicle 320 of Fig. 15 including a motor 22 that 
is linked via a transmission 324 (for example, a continuously 
variable transmission or an automatic step transmission) with 
a drive shaft connecting with drive wheels 62a and 62b, and 
an engine 322 that is linked with a rotating shaft of the motor 
22 via a clutch CL. In the event of the occurrence of a slip 
on the drive wheels, the control procedure mainly controls the 
motor mechanically linked with the drive shaft by taking into 
account its quick output response and thereby restricts the 
torque output to the drive shaft. Control of another motor 
and control of the engine may be carried out in cooperation 
with the control of this motor. 

The embodiment discussed above is to be considered in 
all aspects as illustrative and not restrictive. There may 
be many modifications, changes, and alterations without 
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departing from the scope or spirit of the main characteristics 
of the present invention. 

Industrial Applicability 

5 The technique of the invention is applicable to the 

industries relating to vehicles like automobiles and train 
cars . 



